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VGAH mobile phone 331A9] A &3z Akt AlA A TTL < 2.60 mm
&2 3 20 Akt EFL 1.78~2.08 mm
BFL > 1.00 mm
3.2 &t dAA 2 Eot Relative Illumination > 50.0% (at 1.0 Field)
ok Ao A o] A7 AR HPEO.R Code-VE o] g3} & F% <30
Asts pasialon, 2Aste] ARtxdoRmE IA Al 7} Distortion |—2Ptical < £1.0%
A2 Uiro] mEshgich v < £1.0%
Field of view 60~68°
T 1. SEIFOC 478 54 0.0 F >30% R/T (at 120 lp/mm)
B 04 F >30% R/T (at 120 Ip/mm)
Type =45 190 Any, A MTE 0.7 F >30% R/T (at 120 Ip/mm)
SLW10 1.6141~1.5763 0.0378 0.373 1.0 F >30% R/T (at 120 Ip/mm)
SLW18 1.6141~1.6020 0.0121 0.118 Composition 2 Elements
SLH18 1.6670~1.6474 0.0196 0.190 Sensor size 1/7.4" Pixel: 3 m (¢ 2.4 mm)

1/7.4" Conventional VGA LENS Scale: 62.00 L¥S 23-0ct-07

(a) Conventional

1/7.4" SLW10 VGA LENS Scale: 62.00 L¥s 23-Oct-07

(c) SLWI10

1/7.4" SLH18 VGA LENS Scale: 62.00 L¥S 23-0ct-07

(b) SLHIS8

1/7.4" SLW18 VGA LENS Scale: 62

(d) SLWI8
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1/7.4"™ VGA LENS | Tttt FRACTION LIMIT FAVELENGH EIGHT 1/7.4" SLH18 VGA LEN
[ 2.92¢%) 58 ; NM 29 s
N
0.8 0 ‘\k \
RN
“ S;;T:’AL FREQU:;?Y (CYCLES/MM) e e “ E;iTIAL FREOUE;’EY (CYCL:S/MNEI;J -
(a) Conventional (b) SLH18
1/7.4 SLW10 VGA LE "'TE‘IE” 1/7.4" SLW18 VGA LE
NS s NS
:LJr 5 ) S N \\\ X\\‘\ ?‘ i > \\\\\\;\\ S
“ SZ’ZTZAL FREUUZ;?JY (C‘{CLE}S/I'ZI“?]'J e e “ 5;’:“.TIAL FREO,'JE;(EZY (CYCLZS/MME;J lz
(c) SLWI10 (d) SLW18
13 6. VGAH Mobile Phone 338+AH 2] MTF.
3 3. VGAH Mobile Phone Z3}tA19] A Aut®
s A EF Conventional SLH18 SLWI10 SLWI18
TTL < 2.60 mm 2.38 2.6 2.54 2.49
EFL 1.78~2.08 mm 2.078 2.078 2.078 2.078
BFL > 1.00 mm 1.00 1.40 1.51 1.30
Relative Illumination > 50.0% (at 1.0 Field) 50.1 53.6 559 533
F/4= < 3.0 3.0 3.0 3.0 3.0
. . Optical < +1.0% 0.9 0.6 0.9 0.9
Distortion
vV < +1.0% -0.4 -0.2 -0.3 -0.4
Field of view 60~68° 60 60 60 60
00 F >30% R/T 48.6 34.8 21.6 27.3
(I\t/ITI;O 04 F >30% R/T 48.9/44.7 36.8/25.3 29.5/20.6 34.3/28.1
a
Ip/mm) 0.7 F >30% R/T 30.6/40.6 27.1/19.8 30.2/25.7 25.5/25.5
1.0 F >30% R/T 42.2/31.3 11.6/15.4 17.8/21.7 18.3/16.9
. . 1GRIN 1IGRIN 1GRIN
Composition 2 Elements 2 Plastics . . .
1Plastic 1Plastic 1Plastic
Sensor size 1/7.4" Pixel: 3 m (¢ 2.4 mm)
quadratic constant at \,(A4) - 0.190 0.373 0.118
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IGRIN 1P FAE AABIcE 18 79 7149] radial
GRINZ=of gt F8E 7} e Qla, & 4o= A
Alol] AF&E 714+e] radial GRINZA Q] EX4Jo] A wo] Q)
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a9 8. 7Hie] GRIN d=E o]
Aol 3t FA

3t VGAS
ES 8=,

Mobile Phone 3}

1/7.4"

DIFFRACTION MTF

URN VGA LENS

,,,,,,,,,, DIFFRACTION

06-Dec-07

4 FIELD (12.
.7 FIELD ( 21.85°)

T .- __l1.0 FIELD (29.

LIMIT | WAVELENGTH WEIGHT

94°)
1M 27
1w 23
5.8 NM 11

0l

DEFOCUSING 0.00000

20 60 80
SPATIAL FREQUENCY (CYCLES/MM)

Type =45 99 (0 Any A 1% 9. 71Ak9] GRIN @2 E 0]L3 VGAF Mobile Phone 8}
URN 1.6670 ~ 1.5667 0.1003 0.906 Al o] MTF.
3 5. Mobile Phone FsHA| o] AA Autx
s A EF Conventional URN
TTL < 2.600 mm 2.380 2.600
EFL 1.779~2.078 mm 2.078 2.078
BFL > 1.000 mm 1.460
Relative Illumination > 50% (at 1.0 Field) 50.1 53.7
F/4= < 3.0 3.0 3.0
Distortion Optical < +1.0% 0.9 1.0
™V < +1.0% -0.4 0.2
Field of view 60~68° 60 60
00 F >30% R/ T 48.6 74.3
MTF 04 F >30% R/ T 48.9/44.7 66.9/67.3
(at 120 Ip/mm) 0.7 F >30% R/ T 30.6/40.6 55.0/56.6
1.0 F >30% R/ T 42.2/31.3 49.0/37.1
Composition 2 Elements 2 Plastics 1 GRIN 1 Plastic

Sensor size

1/7.4" Pixel: 3 m (¢ 2.4 mm)

quadratic constant at A, (4)

- \ 0.906
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0.40 MM

1/7.4" URN VGA LENS Scale: 62.00 LYS 06-Dec-07
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= frol 13o® FsHAE AA S, GRIN 245 ARE-sH
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AL, 29 dlzof= 7|} o] EefAy H|GtH 27} AL
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Optical System Design Composed of Spherical SELFOC Lens and Aspherical Plastic Lens for
Mobile Phone Camera

Yong-Sun Lee and Jong-Ung Lee'

Department of Laser and Optical Information Engineering, Cheongju University, Cheongju 360-764, Korea

TE—mail.‘ Jjulee@cju.ac.kr

(Received January 16, 2008, Revised manuscript March 6, 2008)

We designed optical systems for a mobile phone camera using a spherical SELFOC lens and an aspherical plastic lens. Since
the radial index distribution gives an additional design parameter for optical design, an aspheric lens could be replaced by a
spherical lens. The imaging performances of the design were compared with conventional 2P design composed of two aspherical
plastic lenses. In the first stage of study, we designed 1GRIN 1P lenses by using commercially available SELFOC materials. But,
the conventional 2P lenses had better performance than the 1GRIN 1P lenses. In the 1GRIN 1P designs, the performance depends
on index variation of GRIN material, the larger variation gives the better performance. Hence, we tried to design by using
fictitious GRIN materials which have large index variation. We found if the index variation could be increased to about 3 times
that of currently available SELFOC materials, the 1GRIN 1P lens will have equivalent or better performance than the conventional
2P design.

OCIS code: 110.2760, 080.3620, 110.0110.
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